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Abstract
Introduction
Walking speed is a meaningful marker of physical function in the aging population. While it
is a primarily physical measure, experimental studies have shown that merely priming older
adults with negative stereotypes about aging results in immediate declines in objective
walking speed. What is not clear is whether this is a temporary experimental effect or wheth-
er negative aging stereotypes have detrimental effects on long term objective health. We
sought to explore the association between baseline negative perceptions of aging in the
general population and objective walking speed 2 years later.
Method
4,803 participations were assessed over 2 waves of The Irish Longitudinal Study on Ageing
(TILDA), a prospective, population representative study of adults aged 50+ in the Republic
of Ireland. Wave 1 measures – which included the Aging Perceptions Questionnaire, walk-
ing speed and all covariates - were taken between 2009 and 2011. Wave 2 measures –
which included a second measurement of walking speed and covariates - were collected 2
years later between March and December 2012. Walking speed was measured as the num-
ber of seconds to complete the Timed Up-And-Go (TUG) task. Participations with a history
of stroke, Parkinson’s disease or an MMSE< 18 were excluded.
Results
After full adjustment for all covariates (age, gender, level of education, disability, chronic
conditions, medications, global cognition and baseline TUG) negative perceptions of aging
at baseline were associated with slower TUG speed 2 years later (B=.03, 95% CI = .01 to
05, p< .05).
Conclusions
Walking speed has previously been considered to be a consequence of physical decline
but these results highlight the direct role of psychological state in predicting an objective
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aging outcome. Negative perceptions about aging are a potentially modifiable risk factor of
some elements of physical decline in aging.
Introduction
“The true evil of old age is not the weakening of the body, but the indifference of the soul”
André Maurois An Art of Living [1]
Walking speed is a simple but meaningful marker of adverse outcomes in aging. Previous work
has shown that adults who experience a significant decline in walking speed over just 2 years
have a 90% increased risk of mortality, while slow walking speed can also predict future hospi-
talisation and disability [2, 3]. Current models describe the association between walking speed
and adverse outcomes in aging as a reflection of advancing sarcopenia, increased inflammatory
processes or chronic disease leading to death [2, 4]. There is, however, an increasing body of re-
search suggesting that how people think about aging can affect how they age.
Aging is an automatic category by which humans naturally define each other. Along with
other automatic categories, such as race and gender, it is subject to group biases such that hu-
mans in one age, race or gender group define those in other groups more negatively than those
in their own group. The negative beliefs about other groups are referred to as stereotypes. Un-
like race and gender, however, age is not a stable category but rather humans are part of differ-
ent age cohorts throughout life. How, so, do people reconcile the negative stereotypes elicited
about older age groups when they are younger with their own experiences when they them-
selves become part of an older age cohort? Becca Levy proposes that these negative stereotypes
do not change or disappear but become internalised such that people who held negative stereo-
types about older people when they were younger hold those beliefs to be true to themselves as
they age [5]. Negative stereotypes originally held about other people therefore become negative
self-perceptions of aging in later life. Further work may explain the cognitive mechanism be-
hind this as older adults who are either primed with negative stereotypes about aging, or who
already hold implicit negative views of aging, show decreased self-perception, in the form of
self-esteem, when reminded of the similarities between themselves and other older adults [6].
Unsurprisingly, a number of studies have illustrated the negative effects of holding negative
perceptions of aging on factors of psychological well-being including life satisfaction and mood
[6–8]. Interestingly, however, a growing body of research is indicating that negative aging per-
ceptions may not only affect psychological well-being as people age but also physical health. A
number of studies have shown that holding negative perceptions of aging at baseline are associ-
ated with a decrease in self-reported performance in activities of daily living (ADLs), increased
number of illnesses, decreased self-reported physical function, self-rated health and increased
risk of mortality [7–12]. Aside from mortality and illness, however, these outcomes are self-re-
ported, subjective assessments of function which may be confounded by the subjective nature
of perceptions of aging. One more recent study by Sargent-Cox et al. showed that older adults
with negative perceptions of aging exhibited decline in a composite measure of objective physi-
cal function over 16 years [13].
We sought to expand upon the work of Sargent-Cox and colleagues by investigating wheth-
er specific aspects of perceptions of aging are associated with decline in a physical health mea-
sure. Perceptions of aging encompass a range of cognitions including emotional responses to
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aging, feelings of control, and expectations for health, behavioural or social changes. The stud-
ies to date used uni-dimensional measures of aging perceptions which encompass these cogni-
tions within the scale but which cannot separate the components to examine their independent
effects on health. We thus investigated the impact of perceptions of aging using the short form
of the Aging Perceptions Questionnaire (B-APQ) which includes 5 domains: the saliency of
aging in one’s thoughts, emotional reactions to aging, expectations for positive consequences,
feelings of control and expectations for negative consequences.
In addition, we used a specific and simple measure of walking speed that it is commonly
used in clinical settings. The Timed Up-And-Go task is a strong correlate of frailty which is a
state of vulnerability to stressors and one of the biggest predictors of disability, hospitalisation
and nursing home admission in older adults [14, 15]. We thus sought to investigate which of
the five domains of aging perceptions encompassed within the B-APQ could predict longitudi-
nal decline in performance on the TUG task in a population representative sample of older
adults. We hypothesised that negative emotional responses to aging, feelings of lack of control
and negative expectations would predict decline in performance while positive responses and
feelings of control would be protective. We did not make a directional hypothesis for the salien-
cy of aging related thoughts.
Methods
Sample
The Irish Longitudinal Study on Ageing (TILDA) is a large prospective cohort study of the so-
cial, economic and health circumstances of community-dwelling older people in Ireland. Analy-
ses are based on the first wave of data collected between January 2009 and July 2011 and follow-
up data collected between March and December 2012. The mean time difference between inter-
views was 744.12 days (24 months) (inter-quartile range = 114). The Irish Geodirectory—a list-
ing of all residential addresses in the Republic of Ireland—was used as a sampling frame to
randomly select households in which individuals aged 50+ lived. The full procedure has been
described in detail elsewhere [16]. Household residents aged 50 or over and their spouses/part-
ners (of any age) were eligible to participate in the study. The response rate was 62% leading to
a final sample size of 8,504 participants. Ethical approval was obtained from the Trinity College
Dublin Research Ethics Committee and all participants provided written informed consent.
The study design has been described in detail elsewhere [16]. Briefly, data collection involved
(i) a computer-assisted personal interview carried out by trained social interviewers that includ-
ed detailed questions on socio-demographics, wealth, health, lifestyle, social support and partici-
pation and use of health and social care (ii) a self-completion questionnaire which included
questions about perceptions of aging, social networks and social participation (iii) a health as-
sessment carried out by research nurses. Participants who were unwilling or unable to attend a
health assessment in a designated health centre were offered a home-based health assessment.
In wave 2 the computer-assisted personal interview and key elements of the health assessment
were combined into a home interview and assessment carried out by trained interviewers.
In total, 8,175 individuals aged 50 years and over were interviewed at baseline (N = 8,504 in-
cludes partners younger than 50) and 5,895 (72%) of these individuals also completed a health
assessment. Follow up data for wave 2 was available for 6,995 (86%) participants of which 78
(.01%) were proxy interviews and were thus not included in the sample for this analysis. Follow
up data was unavailable for 1,180 (14%) participants due to death (n = 205); refusal (n = 809)
or no contact (n = 166). We also had a number of missing data values which are outlined in
Table 1. Exclusion criteria for the present analysis included a doctor’s diagnosis of Parkinson’s
disease (N = 35), a history of stroke (N = 91) or an MMSE of<18 (N = 20) at baseline or
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between waves 1 and 2. Our final sample included participants who had completed both a
wave 1 health assessment and a wave 2 follow up, who had returned the self-completion ques-
tionnaire and who did not meet any of the exclusion criteria. The final sample size was 4,803
(for a flow chart of sample selection see Fig 1).
Table 1. Descriptive Statisticsabab.
Variable (Possible Range) Total Sample Dead Refused/No Follow-Up
N = 4803 N = 205 N = 975
Age 62.8 (9.0) 73.9 (11.2)*** 64.3 (10.2)***
Missing = 7
Sex (female) 54.6% (N = 2,624) 43.4% (N = 89)** 55.8% (N = 544)
Missing = 0
Education (third level) 35.1% (N = 1,685) 16.2% (N = 33)*** 22.5% (N = 219)***
Missing = 1
TUG time 1 8.9 (3.0) 13.5 (7.1)*** 9.5 (3.3)***
Missing = 32
TUG time 2 9.8 (3.9) NA NA
Missing = 85
No. of Chronic Diseases 1.4 (1.4) 2.0 (1.5)*** 1.3 (1.4)
Missing = 30
Disability Missing = 0
No disability 90.03% (N = 479)
IADL only 2.33% (N = 112)
ADL only 5.00% (N = 240)
IADL and ADL 2.64% (N = 127)
No. of Medications 2.5 (2.6) 4.4 (3.3)*** 2.4 (2.6)***
Missing = 25
Depression (CES-D) (0–60) 8.0 (6.3) 7.1 (7.4)** 6.2 (7.7)**
Missing = 58
MMSE (0–30) 28.5 (1.8) 26.1 (3.5)*** 27.6 (2.8)***
Missing = 1
Domains of APQ
Timeline (0–5) 2.4 (.8) 2.9 (1.1)*** 2.5 (.87)*
Missing = 217
Positive Control (0–5) 4.0 (.6) 4.0 (.69) 3.8 (.77)***
Missing = 147
Negative Control and Consequences (0–5) 2.8 (.7) 3.4 (.85)*** 3.0 (.80)***
Missing = 277
Positive Consequences (0–5) 3.8 (.7) 3.7 (.80) 3.7 (.72)***
Missing = 177
Emotional (0–5) 2.3 (.8) 2.4 (.87) 2.4 (.83)*
Missing = 185
Characteristics of the total sample compared to participants who died following wave 1 and those who refused follow up.
a***p <.001,
**p <.01,
* p <.05. Statistical significance was calculated using one way ANOVA for continuous variables and chi-square tests for categorical variables.
bTUG = Timed Up-and-Go task; CES-D = Centre for Epidemiological Studies Depression Scale; MMSE = Mini Mental State Examination; APQ = Aging
Perceptions Questionnaire.
doi:10.1371/journal.pone.0123260.t001
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Fig 1. Flow Chart. Flow Chart Indicating Participants Remaining FromWaves 1–2.
doi:10.1371/journal.pone.0123260.g001
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Data Collection
Covariates. All covariates were measured at baseline and at wave 2. Longitudinal analyses
controlled for change in covariates between waves.
Age, gender, employment and education were obtained by self-report. Education was cate-
gorised as having completed some or all of primary schooling, having completed some or all of
secondary schooling or having completed any third level education or higher.
Global cognition was assessed using the Mini Mental State Examination (MMSE) [17].
Chronic conditions were ascertained by self-report of a doctor’s diagnosis and included: joint
problems, cataracts, glaucoma, age-related macular degeneration, lung disease, asthma, arthri-
tis, osteoporosis, cancer, Parkinson’s disease, peptic ulcer, liver disease, varicose ulcer, alcohol
or substance abuse, chronic pain and incontinence. Number of chronic conditions were includ-
ed in this analysis. Basic and instrumental activities of daily living (ADLs and IADLs) were col-
lected through self-report. Participants were asked “Because of a health or memory problem,
do you have any difficulty doing any of the activities on this card?” They were then shown a
card listing 6 basic ADLs including dressing, walking across a room, bathing or showering, eat-
ing, getting in and out of bed and using the toilet. An ADL disability was defined as difficulty
in at least one of the activities listed on the card. Participants were then asked the same ques-
tion and given a second card listing instrumental ADLs (IADLs) including preparing a hot
meal, doing household chores, shopping for groceries, making telephone calls, taking medica-
tions and managing money. An IADL disability was defined as difficulty in at least one of these
tasks. The level of disability with each activity was not assessed. For cross-sectional analyses
participants were classified into 4 categories: no disability, ADL only, IADL only or both ADL
and IADL. For longitudinal analyses we assessed change in disability between waves. Due to
the small numbers in groups when change in disability was categorised into both ADLs and
IADLs we collated the information and assessed 4 levels: no disability in wave 1 or wave 2, sta-
ble level of disability in wave 2, reduced level of disability since wave 1, any new disability in
wave 2. Participants were also asked to record all of the medications taken on a regular basis
and interviewers saw the packages to confirm. A continuous count of the different medications
was used in this analysis as this reflects both the possible effects of medications themselves and
underlying comorbidity.
Depressive mood was assessed through the 20 item Centre for Epidemiological Studies De-
pression Scale (CES-D)[18]. Cronbach’s alpha for the 20 items in this sample showed good in-
ternal consistency (α = 0.87). Self-rated health was assessed with the question: “In general,
compared to other people your age, would you say your health is. . .excellent, very good, good,
fair or poor?” Participants were also asked if they were past or current smokers.
Timed Up-and-Go
The Timed Up-and-Go (TUG) task was measured in both waves. Participants were asked to
rise from a chair (seat height 46cm), walk 3m at a normal pace, turn around, walk back to the
chair and sit down again [14]. The time taken from the command “Go” to when the participant
was sitting with their back resting against the back of the chair was recorded using a stopwatch.
TUG was assessed using the same procedure in the home assessment and in wave 2. Research-
ers in the home assessments in wave 2 sought and conducted the test using a hard-backed chair
that matched the health centre chair as closely as possible in height (46cm). TUG is a measure
of walking speed, balance and coordination [14]. Higher scores on the TUG task (in seconds)
indicate slower walking speed.
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Aging Perceptions Questionnaire (B-APQ)
The short form of the Aging Perceptions Questionnaire (B-APQ) comprises 17 Likert scale
items that ask participants to rate their level of agreement with questions about the aging expe-
rience and their expectations about aging in the future. The model was based on Leventhal’s
self-regulation model of ill health which proposes that the way people think about their own
health or illness can be categorised into different themes [19]. The questions are categorised
into 5 domains: timeline (e.g. “I am conscious of getting older all of the time”); positive conse-
quences (e.g. “As I get older I continue to grow as a person”); positive control (e.g. “As I get
older there is much I can do to maintain my independence”); negative consequences and con-
trol (e.g. “Slowing down with age is not something I can control”); and emotional representa-
tions (e.g. “I get depressed when I think about getting older”) [20]. Participants rated their level
of agreement with each statement as strongly disagree, disagree, neither, agree or strongly
agree (range 1–5). The score for each of the five domains was calculated as the average rating of
questions within each domain. Cronbach’s alpha showed good internal consistency for each of
the domains (Timeline α = 0.75; Positive Control α = 0.85; Negative Control and Conse-
quences α = 0.80; Positive Consequences α = 0.77; Emotional Representations α = 0.75).
Statistical Analysis
Descriptive statistics were first ascertained for all main variables. TUG time had a skewed dis-
tribution which was best corrected with a log transformation. Rather than conducting the anal-
ysis on a log-transformed TUG variable, which would have provided output only in the log
scale, we conducted a linear regression analysis with a link log function as this allows the pre-
dictor to act on the log of the outcome variable while providing marginal mean output in the
original scale. This allows for easier interpretation of results.
To test the effect of aging perceptions on change in TUG speed we estimated a second linear
regression with follow-up TUG as the outcome, controlling for TUG at baseline as well as all
baseline covariates and change in covariates between waves. To better understand the effect of
aging perceptions on TUG time we estimated and plotted marginal mean scores of the TUG
for five points of the Aging Perceptions scale (1, 2, 3, 4 and 5) which represent the level of
agreement with the domain (1 = strongly disagree, 2 = disagree, 3 = neither, 4 = agree,
5 = strongly agree). Marginal means represent the mean in the outcome variable after account-
ing for the confounding effect of all variables which have been controlled for in the model.
Attrition weights were used due to differences between respondents who participated in both
wave 1 and 2 and respondents who participated only in wave 1 on key variables (see Table 1).
Attrition weights were calculated as the inverse of the probability that the respondent participat-
ed in wave 2 given their participation in wave 1 and their survival up to wave 2. We calculated
this using logistic regression in which the dependent variable was whether a respondent had re-
turned in wave 2 or dropped out of the study and the independent variables were multiple mea-
sures taken at baseline to try to explain the probability of attrition including measures of
baseline mood, cognitive function, physical health, health behaviours and sociodemographic
factors. This is multiplied by an initial inverse probability weight reflecting the probability that a
member of the Irish population aged 50 years and older participated in the study. This method
has previously been reported as an appropriate strategy to minimise bias due to attrition in sur-
vey data [21].
Sensitivity Analyses. We conducted a number of sensitivity analyses to check the validity
of our findings. We had small numbers of missing data in our outcome and covariate variables
(<1%) but around 5% of cases for the APQ domains were missing (for numbers see Fig 1). We
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thus imputed the missing APQ scores using multiple chained imputations. The imputed scores
were calculated based on non-missing APQ questions, TUG speed, age, sex and disability.
As a further sensitivity analysis we conducted two further regression analyses which ac-
counted for residual confounding due to measurement error in the baseline TUG measure.
Controlling for baseline measures in regression is known to be difficult due to the day-to-day
variation within people when taking measures such as walking speed [22]. For the first check
we assessed measurement error of the TUG using a second dataset—the Irish data for the
Study of Health, Aging and Retirement in Europe (SHARE) data—which has been described in
detail elsewhere [23]. This sample included 77 participants who had 2 TUGmeasures taken
with a median lag between assessments of 88 days (IQR 70–104). We then estimated a linear
regression using the covariant measurement error (cme) package in Stata 12.1 which estimates
the effect of the independent variable on the dependent variable after accounting for the
known measurement error of the dependent variable [24]. As there was a 2–6 month gap in
measures in the SHARE data we could not control for the possibility that true changes in health
accounted for some of the changes in TUG measures rather than purely measurement error. A
previous study found that test-retest reliability for the TUG in a sample similar to ours was .97
when the measures were taken within the same day [25]. We thus conducted a second analysis
in which we used errors-in-variables regression (EIVREG in Stata V12.1) which is a similar
analysis to the covariant measurement error package but which allows input of previous report
test-retest reliability coefficients. It has previously been reported to be an appropriate method
of analyses of this kind [22].
Finally, we conducted a regression analysis using a change score of TUG time between wave
1 and wave 2 as the dependent variable, both as a sensitivity analysis and in order to calculate
marginal mean change in TUG adjusted for all covariates. We conducted a number of further
sensitivity analyses including adjustment for type as well as number of chronic conditions and
medication. All statistical analyses were conducted using Stata version 12.1.
Results
Of 5,895 participants who had completed a health assessment and returned in wave 1, 4,944
also completed self-completion questionnaire in wave 1 and a health assessment in wave 2.
After exclusion criteria had been implemented and cases with missing data removed the final
sample size was 3,913 as illustrated by Fig 1. Mean baseline age of this sample was 62.8 (9.0)
years, 54.6% of the sample were female and 35.1% had a third level education. Mean TUG
speed in wave 1 was 8.9 (3.0) seconds and 2 years later, in wave 2, was 9.8 (3.9) seconds. Full de-
mographic details are presented in Table 1 including the difference in key variables between
participants who returned for wave 2 (N = 4,803), those who died between waves (N = 205)
and those who were not followed up due to refusal to participate (N = 809) or inability to con-
tact them (N = 166). Also included is the number of missing data values for each variable.
Table 2 illustrates the bivariate correlations between individual domains of the B-APQ and
continuous variables. Table 3 shows the results of the cross-sectional analysis: model 1 indi-
cates the association between the domains of perceptions of aging and walking speed without
adjustment for covariates; Model 2 indicates the relationship after adjusting for socio-demo-
graphic variables and Model 3 displays the results for the fully adjusted model. All five domains
of aging perceptions remained statistically significantly associated with walking speed after full
adjustment. The emotional representations and positive control domains were associated with
quicker time in the TUG (Emotional representations: B = -.01 (95% CI:-.02,-.0003); Positive
control: B = -.01 (95% CI:-.02,-.001)). The timeline (B = .03 (95% CI: .02, .04)), negative
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control and consequences (B = .02 (95% CI: .01, .03)) and, surprisingly, the positive conse-
quences (B = .01 (95% CI: .002, .02)) domains were associated with slower TUG times.
Table 4 shows the results of the longitudinal analysis. Model 1 indicates the association be-
tween the domains of perceptions of aging and walking speed without adjustment for covari-
ates; Model 2 indicates the relationship after adjusting for socio-demographic variables and
Model 3 displays the results for the fully adjusted model including change in covariates be-
tween waves. The only domain which was statistically significantly associated with change in
walking speed was the negative control and consequences domain (B =. 03 (95% CI:. 01,. 05))
which was associated with an increase in time taken to complete the TUG task. Fig 2 displays
the marginal mean scores in TUG time in wave 2 by five points along the scale. This represents
a difference of approximately 1 second in time taken to complete the task between those who
strongly disagreed with the negative control and consequences domain and those who strongly
agreed with it. We also reran the analysis with change in TUG as the outcome variable which
estimated a within-person marginal mean decline of 1.38 seconds (95% CI: .99, 1.76) over two
years in those who strongly agreed with the domain versus a decline of .54 seconds (95% CI:
.21, .87) for those who did not.
Finally, we ran a number of sensitivity analyses to check our results. We have included the
results of these as supporting information. The multiple imputation model increased our sam-
ple size to N = 4461. The results were unchanged—namely that the negative control and conse-
quences domain was statistically significantly associated with slower TUG speed at wave 2
(B = .08 (95% CI: .03, .12) (S1 Table). The marginal means indicated a slightly stronger rela-
tionship in the imputed model with participants who strongly disagreed with the domain tak-
ing an average of 8.27 seconds to complete the TUG task and adults who strongly agreed with
the scale taking 11.18 seconds to complete. We have also included the results of the measure-
ment error analyses in the appendix section (S2 and S3 Tables), our findings remained
Table 2. Correlations ab.
TCa PCa NCCa PCqa ERa TUG
time
Age Chronic
Disease
Medications Depressed
Mood
TC 1
PC -0.07*** 1
NCC 0.55*** -0.13*** 1
PCq -0.05*** 0.32*** -0.13*** 1
ER 0.5*** -0.07*** 0.54*** -0.11*** 1
TUG time 0.24*** -0.1*** 0.26*** -0.05*** 0.13*** 1
Age 0.23*** -0.09*** 0.32*** -0.11*** 0.05*** 0.42*** 1
Chronic disease 0.19*** -0.03* 0.25*** -0.03* 0.18*** 0.28*** 0.3*** 1
Medications 0.22*** -0.05*** 0.26*** -0.07*** 0.16*** 0.31*** 0.41*** 0.45*** 1
Depressed
Mood
0.22*** -0.03* 0.24*** -0.08*** 0.34*** 0.12*** -0.03* 0.23*** 0.17*** 1
MMSE -0.18*** 0.1*** -0.25*** 0.06*** -0.12*** -0.29*** -0.32*** -0.12*** -0.18*** -0.08***
Bivariate Correlation Between Domains of the Short-Form Aging Perceptions Questionnaire and all
continuous-covariates.
a***p<.001,
**p<.01,
* p<.05.
b TC = Timeline Chronic; PC = Positive Control; NCC = Negative Control and Consequences; PCq = Positive Consequences; ER = Emotional
Representations
doi:10.1371/journal.pone.0123260.t002
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unchanged. We also re-ran all above analyses adjusted for category rather than number of
medication (specifically sedative load) and type rather than number of chronic conditions.
These changes did not alter our findings and thus we have not presented the data here.
Discussion
Middle aged and older people who express stronger beliefs in the lack of control and negative
consequences of aging have a greater decline in walking speed over 2 years than those who do
not. This relationship is not explained by baseline physical function, age, gender, years of edu-
cation, chronic disease, disability, medication, depressed mood, global cognition or changes in
health status over the period. Furthermore, this effect is seen in a relatively healthy cohort free
of stroke, dementia and Parkinson’s disease and with an average age of 62.8 years.
One previous study showed that general negative perceptions of aging were associated with
decline in objectively measured physical function [13]. Our work expands upon this study to
suggest that it is specifically feelings of control and expectations for negative consequences in
people’s perceptions of aging which affects decline in walking speed. The saliency of thoughts
Table 3. Cross-Sectional Relationshipabab.
Timed Up and Go (seconds) Model 1 Model 2 Model 3
Coefficient (95% CI) Coefficient (95% CI) Coefficient (95% CI)
Timeline 0.05*** (0.04,0.06) 0.04*** (0.03,0.04) 0.03*** (0.02,0.04)
Positive Control -0.02** (-0.03,-0.01) -0.01* (-0.02,-0.00) -0.01** (-0.02,-0.001)
Negative Control and Consequences 0.08*** (0.07,0.09) 0.03*** (0.02,0.04) 0.02*** (0.01,0.03)
Positive Consequences -0.0004 (-0.01,0.01) 0.01 (-0.0004,0.02) 0.01* (0.002,. 02)
Emotional Representations -0.03*** (-0.04,-0.02) -0.005 (-0.01,0.005) -0.01* (-0.02,-0.0003)
Age 0.01*** (0.01,0.01) 0.01*** (0.01,0.01)
Gender 0.01* (0.001,0.03) 0.01 (-0.01,0.02)
Comparison: Male
Education:
Comparison: Primary
Secondary -0.03*** (-0.05,-0.02) -0.005 (-0.02,0.01)
Third/higher -0.06*** (-0.07,-0.04) -0.02* (-0.04,-0.00)
Number of chronic diseases 0.01*** (.01,0.02)
Disability
Comparison: none
IADL only 0.05* (0.01,0.08)
ADL only 0.09*** (0.06,0.12)
IADL and ADL 0.28*** (0.24,0.32)
No. of medications 0.01*** (0.01,0.01)
Depressed mood 0.001* (0.0001,0.002)
MMSE -0.01*** (-0.02,-0.01)
Multivariate Regression Model with Coefficients and 95% Confidence Intervals Indicating Relationship between TUG speed and Perceptions of Aging
Cross-Sectionally.
a 95% confidence intervals in brackets.
* p<0.05,
** p<0.01,
*** p<0.001.
bADL = Activities of Daily living; IADL = Instrumental Activities of Daily Living; MMSE = Mini-Mental State Examination.
doi:10.1371/journal.pone.0123260.t003
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about aging or the negative emotions associated with aging beliefs do not appear to have an ef-
fect. This corroborates previous work by Levy and colleagues who found that the association
between self-perceptions of aging and self-reported physical function was partially mediated by
perceived control [10]. There is a large body of literature which illustrates the influence of per-
ceived control on health outcomes including cardiovascular disease, depression and functional
abilities [26]. Some of the mechanisms thought to explain the relationship between perceived
control and health include feelings of decreased self-efficacy, reduced health behaviours and in-
creased stress reactivity [26]. As it appears from our work and Levy et al.’s previous study that
control may play an important role in aging perceptions, it is likely that some of the same
mechanisms are at play. Here we outline two potential mechanisms which may explain why it
is specifically the elements of control beliefs and expectations for negative consequences in
Table 4. Longitudinal Relationshipabab.
Wave 2 Timed Up and Go (seconds) Model 1 Model 2 Model 3
Coefficient (95% CI) Coefficient (95% CI) Coefficient (95% CI)
Timeline 0.02 (-0.004,0.04) 0.01 (-0.01,0.03) 0.003 (-0.02,0.02)
Positive Control -0.05 (-0.02,0.01) 0.001 (-0.01,0.01) 0.001 (-0.01,0.01)
Negative Control and Consequences 0.09*** (0.06,0.12) 0.06*** (0.03,0.09) 0.03* (0.01,0.05)
Positive Consequences 0.01 (-0.02,0.03) 0.01 (-0.01,0.03) 0.01 (-0.01,0.02)
Emotional Representations -0.03** (-0.06,-0.01) -0.01 (-0.04,0.01) -0.01 (-0.03,0.001)
Timed Up and Go at baseline 0.05*** (0.05,0.05) 0.05*** (0.05,0.05) 0.05*** (0.04,0.05)
Age 0.01*** (0.003,0.01) 0.004*** (0.003,0.01)
Gender 0.04** (0.01,0.06) 0.02* (0.005,0.04)
Comparison: Male
Education
Comparison: Primary
Secondary -0.02 (-0.06,0.01) 0.01 (-0.02,0.04)
Third/higher -0.02 (-0.05,0.01) 0.01 (-0.02,0.05)
Depressed Mood (baseline) 0.001 (-0.001,0.003)
Depressed Mood (change) 0.004** (0.001,0.01)
No. of chronic diseases (baseline) 0.01* (0.002,0.03)
No. of chronic diseases (change) 0.02** (0.01,0.04)
Disability
Comparison: none
Ongoing disability 0.23*** (0.15,0.36)
Reduced disability 0.10** (0.03,0.14)
New disability 0.12** (0.04,0.19)
Number of reported medications (baseline) 0.005 (-0.002,0.01)
No. of medications (change) 0.005 (-0.0001,0.01)
MMSE (baseline) -0.02** (-0.02,-0.01)
MMSE (change) -0.01 (-0.02,0.0001)
Multivariate linear regression analysis indicating the relationship between baseline perceptions of aging and walking speed 2 years later.
a 95% confidence intervals in brackets.
* p<0.05,
** p<0.01,
*** p<0.001
b MMSE = Mini Mental State Examination
doi:10.1371/journal.pone.0123260.t004
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aging perceptions that appear to affect decline in objective physical function. We will discuss
health behaviours and psychological responses including coping mechanisms.
Health Behaviours
Previous work has shown that those who blame ‘old age’ as the reason for a chronic condition
over any other cause show a decrease in health maintenance behaviours such as having a nutri-
tious diet, participating in exercise, visiting health professionals and getting consistent levels of
sleep [27]. Stewart et al. suggested that as aging is uncontrollable, those who blame their condi-
tion on old age also see their health as uncontrollable and thus do not act even when the action
may be beneficial. Our results indicate that even in a relatively healthy cohort, and after con-
trolling for the presence of chronic conditions, it is the control and expectations for negative
consequences aspects of aging perceptions which affect physical function. It is thus possible
that these are the same people who blame any health deficits on ‘old age’ and who are less likely
to stay physical active, maintain a healthy diet and visit the doctor. Previous work on aging per-
ceptions has shown that adults with positive aging perceptions engage in more exercise, have
healthier diets and are more likely to take medications as prescribed than those with negative
perceptions regardless of health status [28, 29]. These types of health behaviours are activities
which are carried out through the lifespan and not just in older age. It seems unlikely, therefore,
that people with negative perceptions of aging make a conscious decision to stop engaging in
health maintenance as soon as they reach a certain age. Instead, attentional and confirmatory
biases likely reinforce negative perceptions as they age and result in a gradual removal from ac-
tivities. Psychologically, humans work towards stability in their world view and will give more
credence and attention to information which confirms an attitude than to information which
disproves it [30]. Adults who have negative perceptions of aging will therefore look for infor-
mation which confirms that aging is unpleasant. For example, an older adult who believes that
severe physical decline is immediately inevitable will have an attentional bias towards the infor-
mation which confirms this point of view. If they go for a walk and feel more tired than usual
after it they will likely attribute this to ‘old age’ rather than considering alternative explanations
Fig 2. Marginal Mean Timed Up-And-Go.Marginal Mean Timed Up-And-Go in Seconds by Level of
Agreement with the Negative Control and Consequences Domain of Aging Perceptions.
doi:10.1371/journal.pone.0123260.g002
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such as a lack of sleep or a busy week. The negative response to the walk on this occasion may
be taken as a sign that walking will always be unpleasant from now on and they will gradually
disengage from the activity. As their sedentary behaviour will result in real threats to health,
their negative beliefs will be confirmed and the behavioural risks will increase
Psychological Factors and Coping Mechanisms
The pathway between negative perceptions of aging and declining physical function may not be
limited to behavioural explanations but also to psychological responses. Wemight have expected
that the negative emotions elicited by holding negative perceptions of aging would affect walking
speed. After all, the effects of depression on walking speed are well documented [31, 32]. Sur-
prisingly, however, although depressed mood was associated with decline in TUG performance,
the effect of aging perceptions remained significant after controlling for depression. Further-
more, the emotional representations domain of the B-APQ was not statistically significantly as-
sociated with change in TUG in the longitudinal models.
Stress is a potential biological mediator of this effect. Feelings of a lack of control and ex-
pectations for negative events are individually associated with increased stress responses both
psychologically and physiologically [26, 33]. When a stressful event occurs it activates the hy-
pothalamic-pituitary-adrenal axis which results in spikes in cortisol secretion. Over-activity
of this process and resulting sustained high levels of cortisol are damaging to muscle mass
[33]. Thus older adults who believe that negative consequences are forthcoming and inevita-
ble, and who believe that they have no control over events, likely experience increased stress
and spikes in cortisol secretion which may reduce muscle mass as they age resulting in slower
walking speed.
Control beliefs can take two forms: primary control is the belief that behaviours will gener-
ate desired effects while secondary control is the belief that one can shape one’s cognitive, emo-
tional or motivational responses to events in the environment [34]. Primary control decreases
with age while secondary control increases [34]. Older adults become continuously better at
shaping their response to the environment. These coping strategies include selecting and
adapting relevant goals in the face of adverse change. For example, an older adult who used to
go to the gym daily but who develops a serious illness which prevents them from going could
either give up the goal of fitness or could adapt it such that they may aim to be able to walk up
a flight of stairs once a day instead. Previous work has shown that older adults with positive
perceptions of aging are better at using these goal adaption strategies in the face of serious
health events and have higher life satisfaction as a result [7]. Previous work has also shown that
older adults primed with negative stereotypes about aging are more likely to dissociate them-
selves from their peer group [35]. Although this protects self-esteem in the short-term it may
also have damaging psychological effects as part of the identity is essentially rejected [6]. Weiss
and colleagues suggest that age dissociation may prevent people from reaching important de-
velopmental stages in older age such as advance preparation for potential adverse events. This
may be related to goal adaptation such that older adults who hold negative perceptions about
aging, and who dissociate themselves from their age group as a result, may initially be less likely
to prepare themselves for potential adverse events and then less willing to use goal adaptation
strategies if adverse events do occur. We thus propose that those adults with positive percep-
tions of aging are better able to use adaptive strategies to overcome difficulties and are therefore
less likely to experience the surge in psychological and physiological stress responses that can
affect physical function. It is curious that we did not see a protective effect of the positive con-
trol or positive consequences domains on walking speed considering there was a detrimental
effect of negative control and consequences. Having examined the individual questions within
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the domains, however, we suspect that this may be due to the nature of the questions. The posi-
tive consequences domain includes statements such as “As I get older I get wiser” which may
tap into a different construct than beliefs in the inevitability of physical decline. Similarly, the
positive control domain is mostly constructed of questions about the quality of relationships
(e.g. “The quality of my relationships with others in later life depends on me”) which, particu-
larly with close family and friends, may not be expected to decline merely due to age.
Strengths and Limitations
The strength of this study lies in its large, population representative sample and longitudinal
data collection. The extent of the measures collected also allowed us to control for a large num-
ber of potential confounders which might otherwise explain the association between aging per-
ceptions and physical outcomes, although it is possible that some unmeasured confounding
remained. There was some attrition between waves and those who refused at wave 2 had slower
walking speed and stronger beliefs in the negative perceptions of aging than those who partici-
pated in both waves. However, we attempted to control for the confounding effects of this
using attrition weights.
One potential limitation of our study is the missing data values spread across variables.
These were small numbers for the majority of variables (for example N = 1 for education and
N = 7 for age) but larger for the aging perceptions domains. This is likely due to the nature of
the self-completion questionnaire which respondents had to fill in and return to the study
themselves. Missing data values were more likely in adults who were older, less educated and
less physically able. These, however, are the same variables which the attrition weights attempt
to control for and thus some bias due to missing values will have been removed while control-
ling for attrition although additional confounding may remain. We also imputed the missing
data for the aging perceptions domains based on multiple chained imputations but did not find
any difference in our results. In fact, the results were slightly stronger in the multiple imputation
model suggested that our original model may be conservative. A second limitation is that we
only had one measure of aging perceptions at baseline and not at follow-up. This allowed us to
assess the independent effect of aging perceptions on TUG speed at wave 2 but not vice versa. It
is thus still possible that there could be a reverse causality with an already declining walking
speed prior to wave 1 affecting perceptions of aging. We will, however, be taking measures of
aging perceptions in future waves of TILDA and thus will be able to update the analysis at a
later date in order to assess the change in aging perceptions against change in walking speed.
This study provides evidence for the damaging role of negative perceptions of aging on an
objective health outcome and highlights the need for awareness of these potentially modifiable
effects. Two previous studies have explored the possibility of changing attitudes towards aging
in order to change behaviour (in both cases physical activity). The first study included attribu-
tion retraining and physical activity classes in combination. Participants were taught that be-
coming sedentary is not an inevitable part of aging and that failure to be physically active
should be attributed to controllable causes rather than to old age. 3 weeks after the intervention
participants were walking more and had increased expectations for aging [36]. The second
study was a randomised controlled trial in which adults were categorised into a ‘physical activity
only’ or a ‘physical activity with views on aging’ group. The latter group were engaged in ses-
sions which challenged misconceptions about aging and taught participants to recognise and
challenge their own automatic negative thoughts. They found that those in the latter group had
higher rates of physical activity at follow up than those in the ‘physical activity only’ group [37].
These studies highlight the promising possibility of changing behaviour through changing
perceptions of aging. Both studies used a dual model in which general misconceptions of aging
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were challenged at the same time as changing individual’s attributions about their own experi-
ences of aging. It would be interesting to know which of these components were more effective
in changing behaviour and what elements of perceptions of aging they acted upon. For exam-
ple, it would be interesting to know whether the participants felt more in control of their health,
more hopeful about the future or just thought about aging less. Future research could also ex-
plore whether the behaviour and attitude change results were long-lasting and what factors de-
termine this. Sarkisian and colleagues, in the 2007 study, found that participants reported
improved mood, decreased pain, improved energy and improved sleep following the interven-
tion but they were only followed up for a further 3 weeks. Bodily states and physical percep-
tions are known to be important predictors of evaluation and attitude formation so it would be
interesting to determine whether the improved bodily states of participants changed their expe-
rience of how old they felt and resulting in improved self-perceptions of aging in general [36].
In conclusion, slow walking speed, a good marker of overall health among older people, is
often seen as a physical, and sometimes inevitable, consequence of old age. Our study indicates
that psychological factors, specifically attitudes to aging, could play a significant role in deter-
mining the development of this physical symptom.
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